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Abstract

A total of 151 full- size structural
flakeboard panels constructed from
forest logging residue and
subpanels and small specimens cut
from some of these panels were
subjected to several nondestructive
tests including two different types
of stress waves. Small specimens
from 65 of the panels were tested to
destruction to determine the
different types of strength
properties of the structural panels.
Some of the nondestructive
properties were highly correlated
with each other, particularly when
measured on the same specimen;
others were somewhat less well
correlated. Correlations between
destructive and nondestructive
properties tended to be only
moderately good when the
nondestructive property was
measured on the destructive
specimen, and poorer if measured
on a larger piece from which the
destructive specimen was cut.
Results should be of interest to
particleboard material scientists
with particular interest in
nondestructive testing and to
standards writing committees.
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Background and Introduction Further study of the probiem came nondestructive tests of particle-

about when the Forest Service set board, emphasizing correlations

A good nondestructive test method out to demonstrate that forest among the nondestructive and the

will enhance the quality and use of residues could be used to make a standard destructive tests.

particleboard as an engineering good quality structural flakeboard

structural material. Burmester-t3 suitable for house roof and floor Panel Processing

and later Pellefin-and Mor-se hauiser sheathing. To evaluate the

(6) demonstrated in limiLtediays flakeboard made from forest The 151 full-size 4- by 8-foot panels

that iordcstructive stress-wave residue, 151 four- by eight-foot were stored at 731 F and 50 percent

tests could aid in predicting panels were made on a commercial- relative humidity (RH) for moisture

strength properties of particleboard. type 4- by 20-foot single opening conditioning. Full-panel testing then

Based on the PeitRein-MOroe&ttser press. Sixty-five of these were used began with measurement of physical

research, stress-wave equipment for making the small ASTM standard dimensions, weight, panel sag under

has been introduced ;n a few tests (1, 2), while others were used own weight, and transit time for

particleboard plants to maintain in assemblies for wall racking and impact and ultrasonic stress waves

quality control. Further gains will be Nie testing (5). on all 151 panels. Thirty-one of the

made in the acceptance of tre - panels not designated for small-

wave testing and other testing In addition to the ASTM standard specimen tests were cut into pairs

methods for particleboards as their strength tests, tests with of 4-.by 4-foot half panels. Except

relationships to strength become compressional stress waves, for the sag test the above

better known. ultrasonic or impact (4), were measurements also were made on

conducted on full panels and on these halt panels.

subpanels and small specimens cut

'Maintained at Madison Wis.. in cooperation from the full panels. Each full panel Each of the 65 full panels

with the Universilty of Wisconsin was also subjected to a sag bending designated for small-specimen tests

2Itaicized numbers in parentheses refer tc test. This report describes and was cut as shown in figure 1. Each

iterature cited at the end of ihis report examines results of several panel was first crosscut into four
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equal 2- by 4-foot quarter panels. , - ,,rP., *: ,.1 t It , r

Except for the sag test. the large R, R-4 ST , 1 ,t"l A!V , , .4 r Y 14

panel-type measurements then were .,i,4 A4. 't4 I/ A' ',/. ,4,',: Hr 4

m ade on each quarter panel. The 48 " , H, . 1'4- -, ly

four quarter panels from each of the ,4, A 4 / ," 77 t
D, T fir

65 full-size panels were then L &42'. 4 ,4,r -Hr 
4
, '. iMPAIYT , B .4

designated at random for a '4 '4 24 '4 AFI, ,t ,', . *

concenlrated load puncture test. ' 
"

standard small-specimen tests. an q

impact test, and moisture properties . .
,.>q~~~~~ ;. /V,' "" ) : ,.4vn

(evaluated in another study).

Quarter panels designated for the
standard small-specimen tests werecut into twelfths, three equal 16- by "Z '------ ''

24 inch twelfth panels. The full -

panel-type measurements were than
made on all these, except the sag , I
test The three tweifti, panels cut
tro.rn each standard small-specimren .. 4RP4E- -

quiarter panel were then randomly HI, , l' t

assigned to one of the lollowing 4~i
standard strength properhi groups. 49 R R-1'~'7
static bending, rail. arid iterlaminar ,
shear. nail, ball impact, arid ,. ,,4 - -.

h .rd ie ss. p la te sth o a;. " , L.. . . .

The twelfth panels were cut into the .'4 - -

standard snall specimens. All of IvpOM, -
these standard smiall specimens and .',d. ..

all the quarter panels designated for . ....J
puncture arid impact tests were
stored at 73" F, 65 percent RH fot Fquf, I r ,r , .grarrr tor cut''rq 5tp, " ,r sma, Sr'cir' '': r ?(,1 '(r

conditioning prior to strength ft rr ore ts A ,,,o om s Ar'.'..>

testing. Dimensions, weights, arid Iroi r lel on

stress-wave times as well as (tie
destructive specimen properties
were then measured on the small
specimens and the puncture and Table 1.-Skimiarv ' L - f' .l *' l ' ' . l, 1':.

impact quarter panels.

An outline summarizing the various Stress-wave time

nondestructive measurements made Specim.'n type WeightLength Width tlhkns Ultrasonic Impact Sag

on each type of specimen is shown Along Across Along Across
panel panel panel panelin table 1. Fuill Panel , \ ' X \

Hart panel t \
Nondestructive Testing Utiarter pi, \ , pa\n"l.
Procedures Twelfth panel \ " ' \ \

Parrio shear
15 3'4t 1y 53'4 '\ \ \ \ ' \

Weight and dimensions of each Statc tPer tV151

panel, subpanel, arid small 3 by 14 C . ,

specimen were measured. Thickness Rail shear
was measured to 0.001 inch with a 3.i 2 hv 10 \ N S x

dial gage having 318inch-diameter Nail
3 ty 7 X X X

contacting surfaces to insure Ball ,mpact
bridging gaps between panel 7.5.8 hy 7.5;8 X X x x X X
surface flakes. For full, half, quarter. Hardness
and twelfth panels and plate shear 3 by 6 X x x x X

specimens, the thickness was Inierlaminar shear

measured at four panel points- 2 by 6 X X X X X

about 2 inches in from each edge Lori ais or IN, %fiirren , o .... . .iIt hi' Irl i'A ,'I

near the center of each side. Length 'Lonq axis (if the spnecirrr.n'ur 'o-i ri'nl with ti,' at ross pare] fIoc-n lim
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and width were measured along the
panel centerlines. For the 14- inch-
long bending and 10- inch-long rail
shear specimens, thickness was
taken as the average of thickness
measurements at the center and at
about 2 inches in from each end.
For the remaining small-specimen
types, thickness was measured only
at the specimen center.

For treated bending and nail
specimens (water-soaked or aged).
weights and dimensions used here -

are based on before treatment data.-

Full-panel sag measurements (fig. 2)
were based on supports spaced 95
inches apart. The yoke with the dial
gage attached was zeroed in the
vertical orientation shown in figure 2
on the milled surface of a new
testing machine. While perfect Figure 2. -Full-panel sag test setup Bar supports and deflection yokezeroing could not be assured, are on a 95-inch span impact and ultrasonic stress-wave
zeroing was felt to be sufficiently devices are shown to the left of the panel
close to allow three significant digit
accuracy in the panel sag test (all IM 144 039)

panels were expected to sag more
than 1 in.). Panel sag was measured
as shown and also with the panel I
inverted to account for any inherent
panel warpage. Taken as the
average of these two measurementsr
sag was only determined for the full-f
size panel in the orientation shown;
sag tests would be iess accurate on7
smaller spans. j.

Compressional stress-wave transit
times were always measured along
a centerline. For the impact waves,
the panel or smaller specimen wasA
placed in a clamp attached to a
solenoid -operated impactor. An _7s :,-

accelerometer was mounted on that - '
clamp to signal the microsecond K
timer to start when an impact was
induced (see later discussion on
timing bias tinder Results -Bias in
Impact I). Another accelerometer
was clamped Iinch in from the
panel or specimen edge opposite
the impactor to signal the timer toAZ
stop as the stress wave reacied
that point. rhe transit time for anv
one test was taken as the average
time for three successive impact Figure 3 -Impact stress-wave test setup with a 48- bv 48-inch halt
measurements. The impact timing panel. The solenoid-operated impactor is clamped to the tar
test setup with a half panel is side of the halt panel while the "stop- accelerometer is

show in igur 3.clamped to the near side. Timing instrumentation is containedshow in igur 3.In the larger box on the table. The ultrasonic timer and
For he utraonictest, atransducers are to the right 01 the impact timing meter

40-kilohertz transducer and matched (M 144 035 1.



receiver were held to the opposite which yields E in 10b pounds per of the four thickness measurements
edges of a panel, subpanel. or small square inch (tblin.A) when density (D) per panei. subpanel. or plate shear
specimen Pulses from an ultrasonic is in pounds per cubic foot (lb/ft' specimien or the single value for
timer activated the transmitter at including moisture content). and r is each smaller specimen.
about 0 1-second inte'vals and the in Os/In.
timner sensed trie receiver transducer For density comparisons of smai.-
to deterrinire stress-wave transit Modulus of elasticity from the sag subpanels with the iarqer subpani-
time The UltraSCi timner and test was based on the assumption or paniel from which each was cut
transducers are shown to the right that the panel was uniformly loaded density for the smaller subpanels
of the impact timing mieter in over its full length, with the uniform waciuatdsthsuio
figure, 3 load based on the panel's density subpanel weights divided by thfe,

The actual equation used was sumi of subpanel volumes
Nondestructive Property EA, = 8.627 (10 ") DLd/IT"fl (5i

Calclatonswhich yields E in 101 lb/in.-2 where D Results
Unit stress wave time iT. either is as given above. L is panel length Bcuetn td sdrce
ultrasonic or impact. was calculated in inches. T is panel thickness in Bcueti *uyi jfce,

fromt inches. n stedfraino toward1 ev31uating properties

T t f the panel center in inches duemesrdncitutvlyad

w&hore r ts ir microseconds per inch to sag when spanning 95 sthe plrnghy proeftue tori rloan-

as in r when I is the stress vave between supports (fig. 2 . strength prori es 01h(-~ mai

tra!rit distance in incies arid fr isinasshbeont)A

Ik- t rnsit roie .n ,s. In practice(. Equation 15t does nut account for dJestruictive arid riondestnr _ t,"

I..o the panlel or specimlen shear deformation. Presumnably. propert res relat- hc

!1 !Ml 0te tim inrrq di rection -;hear deformation WOUld beraloihu

no- ti ultrasonlic device waIs relatively small becaus-' G, tf0 laillt' terms of crrt-otion oeliLieonts.

c;Sed Jni: I -ch less than triat wonen span-to-depth ratio. lhropertyk"V coroNt- , A

lie i Iac levice was used Whr plcal lriw ia edStrUCi1Vt prcn i rr-r z!

Fr-o; .- orrrparrsor or 1the( smaller 1aiCaled as th imos- liie-iors,.ii

subpanieis with tnose cut froim the pounds divided by the reruliar t ti aoocu i'. a ~
large- subparrels. or panels, unit defornmation in inches. witfi stirtness Anta.

stress-wave timnes for the smaller having the units lbin -is for a Parelt~ie, a I o~i

skiboane~s were determined bN spring1. Sliifniess so calculated could nke !t -eu " i

l(2f'~l1/ serve ,as a nondestructive propeirt if icue y
all panels were of uniformn arid A iil r.port~litr-'rr- C......

whenr the transit distance of the thickness- Otherwise- a form, or E the ~oridestrurt- o- 
0

If

sf ahe ;)e,,es as sudivsio of which reflects thickness variatiot) !SSFree w
tirl, arqer pece (e. t he along- wudhmoeapprteFrhe subpafic ar,', -,,j.

p3:101 direction in Ith; e half paneis for wudlemraporitFrth rqrss on da3tz aret?~-r
c~oliprion it th alnqparle concentrated load tests oil the tllr aoperrrl\ Otnier no. v)i-

uciaion ith tfr a-panel Ih quarter panels. however. E would poet ltiwyL kuir

across-panel direction in the be-fiitt cluaea h reference 5
twelfth panels for comparison with relative flexural stiffness in along-

the across-panel direction in the panel and across-panel directions. Thcns
quarter panel) or bymodulus of rigidity, and Poisson's IeThickns (~'1W"l',c

panel) )(t/(l3) ratios must be known 171. 15 small-specin-ri tetS c-ut 'omli
whenthe ranst ditanc wast Consequently, as flexural E iseahote 1!fpt pi, 71

whmei~ the airds-anelwsh inversely related to the cube of were, ofbjthed 1" t11ne twels 'si"i
same~e~.. he cros-pnelthickness, a unit stiffness (US) was

direction in half panels with r7 = 2 calculated for the quarter-panel vaetwee pane va-r atr i Thrcnein-s

for comparisocn with the across- concentrated load tests from) beveaed 0.p9anch oveair Thll 97,

panel direction of the full panel. I.ieae .0 nhoe l9

US =300/1 rl~i 161 specimens. The estomated varanct-

Modulus of elasticity (E) based on weefor thickness was 0.0(101575
stress-wave data was calculated weeUS has the units lb/n with T (sfandard deviation of 0()13 it)

according to the fundamental as above and 0, the deformation in between panels and 0 000077
eqaininches. measured relative to the (standard deviation of 0 (108 in
equaionsubpanet supports due to the within panels. Thickness ranged

E = pcl 300-pound toad, between 0.47 and 0.54 inch for panel

where p is density and c is stress- averages and 0.46 anid 0.56 inch for
wave speed. The actual equation The thickness used in equations (5) individual specimens. As will be
used Was and 16) and for all density seen later, the variation in thickness

E_ 1.4977 DO(11T)" (4) cafculations was the average value had a significant effect on the
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correlations between destructive Table 2.-Average results for unit stress-wave time (r),
and nondestructive tests.
Density Specimen type Number of Along panel Across anel Ref.
As with thickness, the density data replications Ultrasonic Impact Ultrasonic Impact No.(weight and volume at 65 percent wslin. 4slin. .ilin. kslin.Full panel 151 8.60 8.80 9.51 978RH) on the 15 small specimens per Full panel 31 8.62 8.87 9.52 9.88panel were subjected to an analysis Half panels 3  

31 8.42 8.79 9.48 9.88 1of variance. Density averaged 45.3 Full panel 65 8.57 8.80 9.50 9.80 2Ib/ft3 over all 975 specimens. The Quarter panels4 65 8.12 8.80 947 985 3estimated variance for density was Quarter panel 65 8.15 8.80 9.48 986 4Twelfth panels 65 8.09 8.74 8.74 9.71 54.44 (standard deviation of 2.1 lb/ft3  Twelfth panel 65 8.13 8.77 8.83 9.80 6between panels and 4.64 (standard Plate shear 65 7.95 8.74 8.83 9.76 7deviation of 2.2 lbift3 ) within panels. Twelfth panel 63 8.08Density ranged from 41.1 to 51.3 Ball impact 63 7.55 8IbftP for panel averages and from Twelfth panel 65 8.08 8.70 9Hardness 65 774 1036.6 to 56.4 l/t for individual Nail, along panel. wet 65 7,78 1tspecimens. Nail. across panel, wet 65 8.11 11
Nail, along panel, aged 65 7,73 12Unit Stress-Wave Time (T) Nail. across panel, aged 65 8.06 12
Twelfth panel 65 8.07 8.72 87 . 1As shown in table 2, T averaged elft g panel 65 8.0 88.70 9.66 13
Bending, along panel 65 8.08 8.92 14about 8.6 Ms/in. along the full panel Bending. across panel 65 8.66 9.63 14and 9.5 ls/in, across the full panel Bending. along panel. wet 65 7.97 8.81 15by the ultrasonic method and Bending. across panel, wet 65 8.63 9.75 15slightly higher by the impact Bending. along panel. aged 65 8.04 8.87 16Bending, across panel, aged 65 8.63 9.69 16method. Because ultrasonic T Rail shear 65 778 17decreased somewhat with a Interlaminar shear 64 7.64 18decrease in timing distance (table 2 'Based on properties betore any treatment of bending or nail specimens

and fig. 4), and because there seems
to be some bias in impact r as 'Numbers used to identify data in tigure 4
discussed below, an analysis of
variance of T was limited to 'Data represent botn hal panels per lull panel
ultrasonic T and to smaller 'Data represent all tour Quarter panels per lull panel
specimens of about equal length.
For the along-panel direction, 'Data represent all three twelth panels per single quarter panel per full panel.
ultrasonic T data on nail (2
specimens per panel), ball impact, were subjected to an analysis of panels and 0.06380 (standardhardness, and interlaminar shear variance to indicate within and deviation of 0.25 Msfin.) withinspecimens, all 6 to 7-112 inches long, between panel variance. Ultra- panels. For those specimens,

sonic T averaged 7.68ps/in. ultrasonic T ranged from 8.2 to 9.4/oo- for the 325"specimens. The Ms/in. for panel averages and from
estimated variance was 0.04168 7.7 to 10.3 /s/in. for individual data.- .,(standard deviation of 0.20 ps/in.)
between panels and 0.07241 Bias in Impact T's. - Impact/ (standard deviation of 0.27 pslin.) T's apparently lacked the variationN o / within panels. For those small with transit distance demonstrated

specimens, ultrasonic T ranged by ultrasonic T'S (table 2), but this
. ------ -- air from 7.2 to 8.4 ps/in. for panel may have been a result of testing/ , .averages and from 6.2 to 8.7 ps/in. technique. The impact stress waveo for individual specimens, was actually timed from a point,0 ,within 

the steel gripping clampFor the across-panel direction, the rather than at the edge of the'5 analysis of variance was made on specimen as was done with the0 Atova' PAWrL D/RecrfiOv0 ACRoSS PAC(L oDfircr the across-panel ultrasonic data for ultrasonic stress wave. Thus, eachI L I _J the three twelfth panels, three impact stress-wave measurement0 0 40 o go ,oo bending specimens, and the plate should have a more or less constant
T# N1Tr oI$TNc, I/& shear specimen, all having a transit positive time bias. DifferencesFigure 4.-Unit ultrasonic time (r) as a distance of 14 to 16 inches. between ultrasonic - and impact 7function of measuring Ultrasonic T averaged 8.71 s/in, for averages (table 2) can be accounteddistance. Numbers those 455 specimens. The estimated for by a random 3- to 10-s timingcorrespond to referencenumbers in table 2 and variance was 0.09134 (standard bias for the impact method.identify the specimen type. deviation of 0.30 ps/in.) between Because of the timing bias, the
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analysis presented from here on Table 3.-Correlation coefficients between types of unit stress-wave time data'
was based on the ultrasonic
measurements, except for some Full Halt Quarter Twelfth Plate
correlations that immediately follow. Type panel panel panel panel ahear

Along panel
Correlations Between Timing Types Ultrasonic versus impact 0.93 0.97 0.90 0.90 0 76
and Panel Directions Within Across panel
Specimens.-Based on Ultrasonic versus impact .91 .96 .98 .84 84

measurements made within the Ultrasonic
Along versus across .50 - .52 65 .26

same specimen, and for the same Impact
panel direction, the two types Along versus across .47 - .34 .50 .30
of T'S (ultrasonic versus 'Each number based on 65 paired values, halt-size panel numbers based on 31 paired
impact) were relatively well values.
correlated in quarter-sized panels or
larger (table 3, R > 0.90), but were Table 4.-Correlation coefficients between specimen types for unit ultrasonic time' 2
only moderately well correlated in
the smaller sized plate shear - Full panel Quarter panel Twelfth panel
specimen (R as low as 0.76). Specimen type Along Across Along Across Along Across

- panel panel panel panel panel panel
On the other hand, alike T'S (table Quarter panel 0.92 0.93
3) in the along- versus across-panel Twelfth panel .81 0.88 0.94
directions were relatively poorly Plate shear .60 .61 .59 .68 0.77 0.67
correlated (R ranging between 0.26 Ball impact .61 .52 .70

Hardness .36 .51 .47and 0.651, implying that the across- Nail, wet .23 .32 .48
panel properties may not be very Nail, wet .43 .54 .58
predictable from the along-panel Nail, aged .32 .37 .45
properties in the type of flakeboard Nail, aged .47 .61 .65

Bending .48 .55 .58used in this study. Bending .60 .67 .62
Bending, wet .62 .73 .69

Correlations Between Small Bending, wet .64 .77 77
Specimens, Panels, and Bending, aged .48 .57 .60
Subpanels.-The correlation Bending, aged .69 .72 65
coefficients shown in table 4 Rail shear .60 .69 73cefcetshwintbe4Interlaminar shear .54 .46 .55
suggest relatively good relations for Itraia ha 5 4 5

'Each number based on 65 paireu values. ball impact numbers based on 53 padred values and
ultrasonic T between full panels, interiaminar shear numbers on 64.
quarter panels, and twelfth panels
(R > 0.81). The correlation 'Data taken prior to any wetting or aging of nail and bending specimens

coefficients for ultrasonic T

between the small specimens and in 101 lb/in.2 averaged between 0.92 1.16(101) lb/in.2 Estimated variance
the subpanels or panels from which (full panel) and 1.18 (interlaminar was 0.00924 (standard deviation of
they were cut tended to be poor to shear specimen) for the along-panel 0.10(106) lblin.2 ) between panels and
moderate (R's ranging from 0.23 to direction and between 0.75 (full 0.01115 (standard deviation of
0.77); the better correlation panel) and 1.06 (nail specimen 0.11(100) lb/in.2 ) within panels The
coefficients tended to be associated before aging) for the across-panel along-panel ultra6umii E of those
with the longer specimens (plate direction (table 5). Averages in table small specimens ranged tom 0.89
shear, rail shear, and bending) and 5 show an increasing trend in E to 1.41(106)lb/in.1 for panel averages
the poorer with the shorter with a decrease in specimen stress- and from 0.77 to 1.80(101) lb/in. for
specimens (hardness, nail, and wave timing distance for both along individual specimens.
interlaminar shear). Correlations of panel and across-panel directions
small specimens with quarter panels That trend, however, is consistent Analysis of variance fot the across-
or twelfth panels were with the decreasing trend of unit panel direction was made on tPe
approximately the same, but were ultrasonic time noted earlier, three twelfth panels, three bending
poorer with the large panels. specimens, and the plate shear
Correlation coefficients generally An analysis of variance was made specimens, all based on across-
tended to be better for the across- for ultrasonic E but was limited panel lengths of 14 to 16 inches. For
panel direction than for the along- similarly to that for those 455 specimens. the across-
panel direction, ultrasonic r. For panel ultrasonic E averaged 0.90(101)

the 325 ball impact, hardness, Ib/in.2 . The estimated variance was
Modulus of Elasticity interlaminar shear, and nail (2 per 0.00686 (standard deviation of
Calculated from unit ultrasonic panel) specimens, all 6 to 7-1/2 0.08(106) lb/in.2 ) between panels and
stress-wave time and density data, inches long, ultrasonic E along 0.00448 (standard deviation of
ultrasonic modulus of elasticity (E) the panel direction averaged 0.07(106) lblin.) within panels. The
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across-panel ultrasonic E ranged Table 5.-Average of results for ultrasonic modulus of
from 0.74 to 1.07(10) lb/in.2 for panel elasticity'
averages and 0.61 to 1.29(106) Ib/in. 2
for individual data. Specimen type Number of Along Across

specimens panel panel
---- 10 Lb/in.3-.-

Correlations Between Panel Full panel 151 0.92 0.75
Directions Within Specimens.- Full panel 65 .93 .76
Correlation coefficients relating Twelfth panel 65 1.02 .86

along-panel to across-panel Plate shear 65 1.06 .86
Twelfth panel 63 1.05

ultrasonic E's for 65 data sets each Ball impact 63 1.20
were 0.49 for full panels, 0.64 for Twelfth panel 65 1.05 .90
quarter panels, 0.70 for twelfth Hardness 65 1.13
panels, and 0.68 for plate shear Nail, along panel, wet 65 1.13

Nail, across panel, wet 65 1 03specimens. These are generally Nail, along panel, aged 65 1.14
better than the similar correlations Nail, across panel, aged 65 1.06
for ultrasonic T (table 3.) Even so, Twelfth panel 65 1.04 .90
these moderate correlations suggest Bending, along panel 65 1.03
that across-panel properties will not Bending, across panel 65 91

Bending, along panel, wet 65 1.08
be predicted very closely by along- Bending, across panel, wet 65 .92
panel ultrasonic E. Bending, along panel, aged 65 1.05

Bending, across panel. aged 65 .92
Correlations Between Small Speci- Rail shear 65 1.14
mens, Panels, and Subpaneis. Interlaminar shear _ 65 1.18

-Ultrasonic E correlations between 'Before any wetting or aging.

small specimens and the twelfth Table 6.-Correlation coefficients between specimen types for modulus of elasticity'
panel from which they were cut
(table 6) were moderate to good (R
= 0.56 to 0.87). These correlations Full panel Twelfth panel
were all better than the same Type of specimen Ultrasonic E Sag E Ultrasonic E
comparisons for ultrasonic T (table Along Across Along Across
4), indicating an improvement due to _ panel panel panel panel
accounting for density differences, Quarter panels2  0.65 0.74 0.28 0.81 - 6.90
but also thickness because the Twelfth panel' .58 .61 .32 - -

Plate shear .54 .57 .19 .87 .80
density calculation involved Ball impact .53 - .15 .78 -
thickness. On the other Hardness .36 - .22 .56 -
hand, ultrasonic E correlations Nail, wet .38 - .09 .66 -
between small specimens and the Nail, wet .27 .17 .68
full panels were poor to moderate (R Nail, aged .45 .18 .65

Nail, aged .22 .21 .69= 0.22 to 0.57) and were generally Bending .39 .21 .70
lower than the comparable Bending .49 .06 .70
correlations for ultrasonic T. Bending, wet .45 .30 .79

Bending, wet .54 .04 .81
Bending, aged .38 .19 .71

Comparison of Ultrasonic and Sag Bending, aged .51 .03 .74
E.- Sag E, as measured on all 151 Rail shear .51 .45 .85
full panels, averaged 0.88(106) lb/in.2 , Interlaminar shear .38 .29 .76
or about 96 percent of the average 'Each number based on 65 paired values, ball impact numbers based on 63 paired values and inter.
full-panel ultrasonic E in the along- laminar shear numbers on 64.
panel direction. Sag E reflects 'Based on one subpanel per panel.
along-panel stress-strain response.
The coefficient of variation was 8.3
percent, a value somewhat higher panel was a moderately poor 0.41. determined from static-bending
than the 5.7 percent observed for The comparative data are shown in tests of small specimens depended
the comparable ultrasonic E. The figure 5. Correlations of small- on panel orientation similar to that
larger variation in the sag E is specimen or subpanel ultrasonic E's noted earlier for ultrasonic E,
probably due in part to the variable with the full-panel E from the sag namely that the along-panel
panel thickness noted earlier. Sag E test (table 6) were generally poor to direction had the greater static E.
depends on thickness cubed; insignificant (R's between 0.03 to The static E's averaged considerably
ultrasonic E depends on thickness 0.45). lower than the ultrasonic E's for the
to the first power. same specimens, however. For the

Comparison of Static E of Small unaged specimens, static E's
The correlation coefficient between Bending Specimens with Ultrasonic averaged 71 and 76 percent of the
sag E and ultrasonic E along the full E.-Modull of elasticity (table 7) ultrasonic E's in along-panel and
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between 13 and 19 percent Unit stiffness was moderateli well
compared to 11 to 12 percent for correlated with ultrasonic E of the

. ultrasonic E of the same bending quarter panel (R = 0-72 or 0.74), an
specimens. As noted for sag E improvement over stiffness that was
above, static E is also dependent on uncorrected for panel thickness.

, thickness cubed whict, may explain Maxmum load in the puncture test,
" - why it was more variable than however, was less well correlated

ultrasonic E. with the quarter-panel ultrasonic E
(R = 0.61), nor was it improved

" Correlations between static E and much with a thickness correction (R

- . ultrasonic E for the small bending = 0.64).
specimens (table 7) were moderately
good (R's ranging from 0.70 to 0.85 Evaluation of Static-Bending

" ', ,,J2 depending on treatment type). Properties
.,SL, t 06,, Correlations of small bending- Correlation coefficients between

Figure 5.-Comparison of along-panel specimen static F's were generally maximum toad or modulus of
moduli of elasticity data from not as good with twelfth-panel or rupture (based on before treatmen
sag and ultrasonic measure- full-panel ultrasonic E's as with the dimensions) from the small static-
ments -151 full panels. small bending-specimen ultrasonic bending tests and nondestructive

E's. specimen or panel properties are
given in table 9. Correlations were

across-panel directions, Evaluation of Concentrated Load slightly better for modulus of
respectively. The still lower static Tests on Quarter Panels rupture than for maximum load. as
E's for the wetted or aged bending As shown in table 8, concentrated modulus of rupture is corrected for
specimens reflect a reduction due to load test results on the quarter thickness. In general, the destructive
treatment. Note that ultrasonic E's panels correlated only moderately properties were best co-elated with
were based on before treatment well with quarter-panel ultrasonic E small-specimen static-bending E (R s
time. weight, and dimension (R's from 0.54 to 0.74) but only from 0.62 to 0.89). Correlations
measurements and static E's on poorly at best with full-panel ultra- tended to be better with ultrasonic E
before treatment dimensions but on sonic E (R's from 0.03 to 0.47). While than with either ultrasonic T or
load-deflection diagrams aiter a correlation coefficient above about density. Also, correlations tended to
treatment. Had static E's been 0.25 is significant in a statistical be better with the smaller sized
based on after treatment sense (5 pct level. n z 60, the specimen properties than with 'he
dimensions, the average values for correlation coefficient should be on larger sized panel properties of the
treated specimens would have been the order of about 0.5 or greater if a same NOT kind. An example of the
lower than those listed in table 7 nondestructive test (NOT) property is decreasing trend in correlation is
due to thickness swelling. to be given serious consideration as shown in figure 6 for modulus of

a predictor of strength. Correlations rupture of untreated specimens
Static E's had higher coefficients of of the concentrated load results versus ultrasonic E. The results for
variation than ultrasonic E's of the with the full-panel sag E, not the across-panel direction in
same specimens. The coefficients of tabulated, were even worse in that untreated bending specimens are an
variation for static E (table 7) ranged none of the R's was significant, exception in that the correlations

Table 7.-Summary of small-specimen static-bending modulus of elasticity results
and comparisons with ultrasonic modulus of elasticity'

Correlation coefficient-static E
Static-bending E versus ultrasonic E of

Bending-specimen Bending Twelfth panel Full panel
type Average Coefficient specimen

of
variation Along Across Along Across Along Across

panel panel panel panel panel panel
101 Lbin.' Pct

Unaged. along panel 0.73 16.7 0.80 0.69 0,46
Unaged. across panel .69 16.5 0.73 0.63 0.55
Wet, along panel' .55 19 1 .70 .76 .52
Wet. across panel' .49 18.9 .78 .64 56
Aged, along panel' .68 12.8 .85 .57 .27
Aged, across panel' .61 14.8 .83 .68 .42

Each number based on 65 paired values

'Based on dimensions before treatment.
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Table 8.-Results for concentrated load tests on quarter panels nail or twelfth panel were rather

medio,re, but somewhat better than
Correlaton coefficient with the poor-to-insignificant correlationsConcentrated load test along-panel Ultrasonic E with ultrasonic T of the same

Quarter panel Full panel specimen types. Correlations of nail-Stiffness t3-in. diam 1 0.54 003 resistance pro,erties with full-panelUnit stiffness (3-in. diam.) ,72 .30 NDT properties were poor toStiffness (t-in. diam.) .5, .06 insignificant. particularly for sag EUnit stiffness ji-in. diam.) .74 32Puncture load .61 42Puncture loadithickness 64 .47 Evaluation of Ball Impact Properties
Correlation coefficients between the
height of drop to first crack or to
failure in the ball impact test and
NDT properties are given in table 14.tended to be better with twelfth- Evaluation of Interlaminar Shear The correlation coefficients forpanel ultrasonic E's than with the Properties failure were only moderately good atbending-specimen ultrasonic E's. Correlation coefficients between best (R about/0.60/). with about the

interlaminar shear and NDT same result for ultrasonic T as forThe small-specimen destructive properties are given in table 11. ultrasonic E: the correlations wereproperties correlated poorly at best Shear strength was best correlated generally improved by correcting forwith the full-panel NDT properties with small-specimen shear modulus specimen thickness. Correlation of(R's from 0.03 to - 0.49). This is (R = 0.8) and next best with either failure under impact with full-panelparticularly evident in correlations ultrasonic E of the twelfth panel or sag E was insignificant and all ofwith density and sag E. density of either the shear specimen the correlation coefficients for first
or twelfth panel (R = 0.6). Shear crack under impact wereCorrelations for the wet or aged stiffness and shear modulus were insignificant. Also, there was verybending specimens were very best correlated with small-specimen little correlation between the firstsimilar to those for the unaged density and twelfth-panel density or crack and failure (R = 0.47).bending specimens. ultrasonic E (R = 0.7). Correlations
of shear properties with the full- Evaluation of Hardness Modulus
panel properties were mediocre to Correlation coefficients betweenEvaluation of Internal Bond insignificant, particularly for densit hardness modulus and NDTCorrelation coefficients between and sag E. properties are given in table 15.internal bond (from untreated static Hardness modulus was bestbending specimens) and non- Evaluation of Rail Shear Properties correlated with density of thedestructive properties are given in Correlation coefficients between rail hardness specimen (R = 0.87.table 10. Except for sag E. better shear and NDT properties are given Correlations with specimen

correlations were obtained between in table 12. Correlations were ultrasonic E or with twelfth-panelinterna, bond measured on slightly better for shear stress than density were only moderatelv goocspecimens cut from along-panel for shear load. The shear properties (R = 0.6) and with full-panel densitv
.atic-bending specimens and the were moderately well correlated with insignificant. Correlations withalong-panel NDT properties than ultrasonic E or density of the shear ultrasonic T or with any of the full-between internal bond measured on spe'cimens (R about 0.6) and with panel properties were poor tospecimens cut from the across- the twelfth-panel ultrasonic E (R insignificant.

panel static-bending specimens and about 0.54). Correlations with sag Ethe across-panel NDT properties. and density of the full panels were Evaluation of Plate Shear PropertiesFor all practical purposes, however, insignificant. Correlation coefficients between
almost all of the correlation plate shear and NDT properties arecoefficients were poor or Evaluation of Nail Properties given in table 16. In general, betterinsignificant. Correlation coefficients between correlations were obtained for plate

nail-resistance properties and NDT shear modulus than for plate shearThe negative correlations listed for properties are given in table 13. Nail- stiffness, perhaps because platethe across-panel direction do not resistance properties were generally shear modulus corrects formake sense, as they imply that best correlated with nail-specimen thickness. Shear modulus was bestinternal bond decreases as density (R's from 0.37 to 0.70). or correlated with density or ultrasonic
ultrasonic E increases. However. with twelfth-panel density (R's from E of the plate shear specimen (R =only the - 0.25 correlation 0.29 to 0.70). bu tne few 0.8). It was also well correlated withcoefficient is significant (5 pct level) correlations run with full-panel twelfth-panel density or ultrasonic EIn the statistical sense. Even so, density were not significant. (R = 0.7) but poorly with full-panelsuch supposedly significant results ultrasonic E (R = 0.44). Correlationcan be expected to occasionally In general, correlations of nail coefficients with full-panel sag Eoccur by chance alone, resistance with ultrasonic E of the were insignificant.
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Table 9.-Sumnarv of correlations Detvit n stl tic endifq ard flonde-Stru, IuVr
0  

ropert its

Correlation coefficient

Specimen type Property' Along panel Across panel

Maximum Modulus of Maximum Modulus of

load rupture' load rupture'

UNTREATED BENDING SPECIMENS

Static pending Density 0 54 0 22 0 42 0 46

Ultrasonic t 56 - 61 35 41

Ultrasonic E 67 75 52 60

Static E 71 82 02 2

t, eiflr paneI Density 45 46 4' 4b

Ultrasonic - 45 - 44 5 54

Ultrasonic E 53 54 64 67

Full panel Densitv '2 14 15 07

Ultrasonic T 23 28 42 49

Ultrasonic E 25 30 39 4L

Sag E 22 20 06 06

WET-TREATED BENDING SPECIMENS

Static bending Ultrasonic E 0 67 0 -9 0 77 0 s0

Static E 69 79 79 89

TAelfth panel Ultrasonic E 64 39 68 70

Full panel Ultrasonic E .20 29 39 48

Sag E 12 15 10 12

AGE-TREATED BENDING SPECIMENS

Static bending Ultrasonic E 0.64 0 75 0 59 0 68

Static E .8Q 87 78 64

Twelfth panel Ultrasonic E .45 .55 58 62

Full panel Ultrasonic E .17 .28 33 44

Sag E .03 .03 10 11

Max.rnun load and modulus of rupture compared to the listed properties

'Each number based on 65 paired values

'Based on dimensions before any treatrerlnt

9, 8. SF , ' "

4 il

. .... - .5

Figure 6 - Corretafions of modulus of rupure for untreated static-bending speciniens w~th ultrasonir E-along panel dire,-t,-' E is

taken from (A) static-bending specimen. tB)twelfth panel specimen, and fC) full panel specimen
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The negative correlation coefficient Table 10.-Summary of correlations between internal bond and
Detween shear stiffness and full- nondestructive properties'

Danel density (R = -0.30), while
statistically significant (5 pct level). Specimen type Property Correlation coefficient
makes little sense as it suggests Along panel Across panel
that shear stiffness decreases as Static bending Density 0 40
panel density increases. J,'asonc T - 42

"'soic E 51 -002

Summary and Conclusions Twelfth panel Density 21
Ultrasonic T -. 32

One hundred and fifty-one full-size Ultrasonic E 29 - 06
structural flakeboard panels Full panel Density .16
constructed from forest logging Ultrasonic Tn- D29
residue and specimens cut from Ultrasonic E 33 - 25
some of these panels were Sag E 16 35
subjected to nondestructive tests
including ultrasonics and static Each number based on 65 paired ,aiues

bending.

Ultrasonic modulus of elasticity was
greater in the along-panel direction Table 11.-Summary of correlations between interlaminar shear and
than in the across-panel direction- nondestructive properties*
by about 22 percent in the full panel.
Ultrasonic E tended to increase as Correlation coefficient
the ultrasonic timing distance
decreased, and varied both within Specimen type Property Shear Shear Maximum Maximum
and between panels. The along- stiffness modulus shear shear
panel and across-panel ultrasonic load stress
E's determined on the larger pieces Interlaminar shear Density 0.74 0.75 063 063
were only moderately well Ultrasonic T -. 38 -. 34 - 33 - 33
correlated, suggesting that the Ultrasonic E .69 .66 59 59

along-panel ultrasonic E would not Shear modulus 83 81

be very useful for predicting across- Twelfth panel Density 72 .72 .60 59
panel properties. Correlations of Ultrasonic T -. 51 -. 52 -. 45 - 44
ultrasonic E's were generally poor Ultrasonic E .74 .72 63 62
between small specimens and full Full panel Density .17 2C
panels. Ultrasonic T -. 44 -41

Ultrasonic E .41 .44 48 46
Ultrasonic stress-wave time (time Sag E .23 .23 .30 30
per unit transit distance) was Each number based on 65 paired values
correlated to the same variables as
E. Sensitivity to panel size, test
orientation, and destructive
properties was very similar to thatpope withutasoeriilr to t Table 12.-Summary of correlations between rail shear and
found with ultrasonic E. nondestructive properties'

Static bending E's of unaged
bending specimens averaged about Correlations coefficient
73 percent of the ultrasonic E's of Specimen type Property Maximum Maximum
those specimens. Correlations of shear load shear stress
static E's of the bending specimens Rail shear specimen Density 0.56 060
with ultrasonic E's were best for the Ultrasonic T -. 46 - 43
static-bending specimen and least Ultrasonic E .59 62
for the full panels. Twelfth panel Density .44 .48

Ultrasonic T -. 45 -. 46
Thickness and density were found to Ultrasonic E .53 .56
be variable, both within and between
panels, even though all panels were Full panel Density .18
to be made alike. These variations Ultrasonic T -. 42

Ultrasonic E .45 .49
undoubtedly had an effect on the Sag E .19 .19
stress-wave properties, as well as on
the destructive properties. Each number based on 65 paired values.
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Table 13.-Summary of correlations between nail and nondestructive properties

Correlation coefficient

Specimen type Property' Along panel Across panel
Lateral Withdrawal Head pull Lateral Withdrawal Head pull

resistance resistance through resistance resistance through

UNTREATED NAIL SPECIMENS'

Static bending Density 0.57 0.40
Ultrasonic T _11 - 12
Ultrasonic E .42 028 064 .31 0.29 0.41

Twelfth panel Density .55 .29
Ultrasonic T -. 32 .06
Ultrasonic E .52 32 .64 .11 .34 .46

Full panel Density .16 -. 13
Ultrasonic T - 19 -. 01
Ultrasonic E .23 33 32 .00 .23 .30
Sag E 12 .07 .28 00 .13 .10

WET-TREATED NAIL SPECIMENS'

Nail specimen Density 0.62 0.69 0.60 0.47 0.70 0.69
Ultrasonic T -. 13 -. 19 -. 14 -. 09 -. 03 .20
Ultrasonic E 44 .45 .53 .36 .43 .22

Twelfth panel Density .63 .52 .58 .50 .70 .63
Ultrasonic T -. 47 -. 40 -. 32 -. 38 -. 28 -. 16
Ultrasonic E .63 .52 .52 .50 .51 .39

Full panel Ultrasonic E .39 .26 .21 ..38 3 .32 .32

Sag E -. 04 .04 .00 .01 .14 -. 03

AGE-TREATED NAIL SPECIMENS'

Nail specimen Density 0.49 0.45 0.44 0.37
Ultrasonic , -. 15 -. 28 -. 41 -. I I
Ultrasonic E .43 .50 .57 .28

Twelfth panel Density .29 .48 .54 .42
Ultrasonic T -. 21 -. 39 -. 38 -. 20
Ultrasonic E .29 .50 .52 .32

Full panel Ultrasonic E .23 .42 3 .36 3 .35
Sag E .08 .12 .18 -. 05

Based on dimensions before any treatment

'Each number based on 62 paired values.

'Correlations with along-panel unit ultrasonic time and ultrasonic E

'Each number based on 65 paired values.

Corrected for panel thickness, As a very general obaervation, ultrasonic E. Correlations with
stiffness of the quarter panels under correlations of the various density also tended to be only
concentrated load correlated destructive properties (e.g.. modulus moderately good at best, except for
moderately well with ultrasonic E of of rupture, internal bond, shear a few selected properties such as
the same quarter panels but only strength, etc.) tended to be hardness modulus which is a

poorly with ultrasonic E of the full moderately good at best with semidestructive test.
panels. Shear modulus for either ultrasonic E of the destructive
plate shear or interlaminar shear specimens themselves; the Recommendations for Future
also correlated moderately well with correlations were worse with Study
ultrasonic E of the panels on which ultrasonic E of the larger specimens
the measurements were made but from which they were cut. While the results of this study
only poorly with ultrasonic E of the Correlations tended to be less good suggest that destructive properties
full panels. with unit ultrasonic time than with of this research-type flakeboard
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Table 14.-Summary of correlations between ball impact and generally reate only moderately well
nondestructive properties' to nondestructive properties. the

results are based on a quite limited
Correlation coefficient scope in panel formulations and

Specimen type Property First crack Failure specimen sizes- Therefore, this
Ufladi.isted Adiusted Unadjusted Adjusted study suggests two items of major

Ball impact Density 0O 09 036 0.44 concern for further nondestructive
Ultrasonic T 13 1, 5Qs testing research on panel products.
Ultrasonic E 14 19 .51 .51
Failure. 1. Where predictive models are a

unaduste 47goal, experimental panels should beTwelfth panel Density .30 -;7 made witth an extended range of
Ultrasonic T - to 2u 59 -. 62 quality by varying resin content.
Ultrasonic E 13 .24 .50 59 press temperature. etc.. to simulate

Full panel Density 24 1 6 the kinds of panels that may be
Ulraoici 4 - produced when manufacturing

Ultrasonic E U2 13 34 47 variables run beyond control limits.
Sag OC 9 - 06 .The extendec duality should allow

'Ea~' MMbo baed o 6, L,11e 1d~eS 'I-K61 -)Ffor uetter mcdei'-,g between
JebtrutiAVe 6 11 r,ondestruc,.ive te-sts

VOnadi~sted .nx, i-s nor correcte] t,, ~ .,, . . ...... ... ~ th,,n w95s pc),id ,' this studay.
thicmness

2 T-.h -3 ),a,.lica! use% h:
r,.i''acture, anc! user of

flii~etr ci . lit jrs '3:
Table 5.-Summr ary of ctrlt0 :cr sciet,er I ,dnr. N C , r s r -il c i t, It(.. U

anG! Oricdeslruct~ve prprrt estrLIC1 Got ;)rc- f .

Specimen type Property Correlation coefficient
Hairci-r essc Don 0 57

ultI; jsonlr. E C

U :rson',

E,:, fli~rter bast., ;r 65 LIU',

Table 16.-Sumnary of correiaiton cot 'ients betweeri plate shear Lvi,
nondlestructive trropert-es

Specimen type Property Correlation coefficient
Shear stiffness Shear modulus

Plate Shear Density 0 52 0.82
Ultrasonic T - .28 -. 41
UItasonic E 51 .78

Shear rmoidulus 64

Tweifth panel Density 38 .71
Ultrasonic i- 20 - .56
Ultrasonic E .32 .73

Full panel Density - .30
Ultrasonic T- .09
Ultrasonic E -. 02 44

Sag E -. 10 .06

'Each number based on 65 patted values.
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Appendix

The appendix contains data
pertinent to simple linear
regressions of the form Y = A +
BX. These data are based on
regressions with correlation
coefficients of 0.5 and greater
Caution is advised in the use of
these data. however, as they are
based on a particular type of
experimental flaweboard The resuts
should not be applied directly to
other particleboard or tloll eboarJ
products as they may yield false Dr
unsafe predictions of nechanicd,
properties

Table t7.-NDT er.,,',or iis-d .: . , e r so", w. ,

Variables Coefficients Standard Standaic
error deviation i

Y X A B oY f Y
L

I 
; "O : t,¢ o'q ar,ei, u , ;3 ,Wr- L: :' 4 ,

,, ., s l r:.., . /34 0 40

1, ',OS,'nlc E across parc. U,'asor c E at',, ;., el
i 10 tj ')i i -,,' -~

vr E 0' ri in • rtr ,ri F a .'.q odnei
10' r1) mr - ,, 5IF0 7

Table .- NOT regressioos. ,ach nunber r,,: -e. rl 5 a'e ,a ueS ; '"

Specimen or Specimen or variable Coefficients Siandard Standard
correlated error deviation
variable Y X A B "; Y of Y

Ultrasonic Plate shear 1'12 paie! 286 0626 C 1 ;, ;'
along panel Plate shear 1 4 panel 3 78 512 18 23

,,sn. Bending 1 12 pane 280 94' 2" 11
Bending 1 4 panel 2.83 646':

Rai shear 112 panel 1.31 802 21 .0
Rail shear 114 panel 1.40 .782 22 36

Ultrasonic r Bending 1.12 panel 2.14 1.038 34 43
across panel. Bending 114 panel 2 13 689 32 43

Ult,asonc E Plate shear 1112 panel .30 754 048 097
alonq pane. Plate shear 1,4 panel 31 746 072 097

10' bi Bending 1012 panel 18 812 091 126
Bending 1i4 oanel .22 797 105 126

Rail shear 112 panel - 01 1 142 078 .146
Rail shear 1/4 panel 03 1 160 104 146

Ultrasonic E Bending I 12 panel .20 786 077 107
across panel. Bending 1,4 panel .19 .970 077 107

10' Ib/in

Bending along
panel. 101 Ib/in I  Stati,' E Ultrasonic E - .06 775 07 12
'Bending across
panel. 10' lb/in.' Static E Ultrasonic E - 03 789 08 11

'Uraqed specimens
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Table 19.-Reqre.,'rrs i, seece desturitive arid NDT properties

Variables Coefticients Standard Standard
error deviation

V X A B oftY o

AI fIII .' I' 4 1'AIrI t -IL i I (rj ,I'Ir , j , I I krr I l, i i ,'
it, 1 'i. 1 , OI4.1 "W: r

12' p.1 it-r] in ~iir, ;l "

Full Pairitl UltiasOMll L. ilong parn 'i.

Specimen ultrasonic, E aloncl jrl,ait
10' lbar -t 4 720 674

SpOcimenM sttc E. t0' Ilb fin 72o 11.,240 r'.O

1 12 -panl ultrasoilic i across
Panel. 4.s 'ii 1!,,44o 1.2714 7W93

1,12-panlel Ultrasorri1c E across
Panel. 10, lbarr 990l 5.9560 627 3

FuIIllltrl Ultrasriifk riac ross
panlel. ..s ill1. r 910 1 o

Fll-patrol uitra,ri,c E crs
panlel 10,' iii - lit 1) 920 74u

Initurlanrirrarf shear irrodius, Sirecimrerl 0ltrasonlic E IIhfrrI lifame
1

Mrouu s. Iii Ii 0 It) IIIr tt..40 31,400 :'!0 4.3'!

1. 12 nt'rl uii?!ll Eiuir, F alorrg pailt
10i' It in 6.90(l ) O t 00 .08 4A,'

Ir t vrlIarrrr i rraiI IIIXtI1Wirrin shea ir Sfernr i)t(sri "trtn 11 evIIrol IfI
stiess. Fri Ill 10'1 lt ri I~ ~ !

12 ptt,,i Il t r s r' i .iloicl [iii

to' I t Iii )1' 4 13 t

Faif r1.1 irrriiirr ,tr I s ;. Sp'irrit'ri LIitisni I Il Ii
it'10' It 1 I' li t .1 *lki 1 NoPr

I1 2 peitl tiltlsi,' l tig a'11

It)10' I) In '4

h~dr 11111 ILlit -pc rr'll iiltir astirri F *lnrrj p.1 'l

10' limn - 0() .

1'1 1,U t..tw' 'isO t it fil j is~ v.aiui's IV A - 1
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U S. Forest Products Laboratory

Nondestructive evaluation of mechanical propertles (t a struCtural

flakeboard made from forest resIdues by C C Gerhards and

L. H. Floeter, Madison, Wis.. For Prod Lab. 1982

17 p. (USDA For. Serv. Res. Pap FPL 414)

Full-sized flakeboard panels made of logging residues, and smili

specimens cut from those panels, were subjected to several
nondestructive tests including ultrasonic and impact stress wma .

,

Small specimens were tested to destruction to determine strength
properties.

Some nondestructive ptopert es correlated highly with each othTe
particularly within specimens. Correlations between destructive and
nondestructive properties were only moderately clood

Keywords: Nondestructive testing. mechanical properties.

ultrasonics, stress-wave, structural flakeboard, sag bendinq. foest
residues.
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